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This invention relates to crystalline salts of N-[4-[[(2-amino-1,4,5,6,7,8hexahydro- 
4-oxo-5-methyl-(6S)-, -(6R)- and -(6R,S)-pteridinyl)methyl]amino]benzoyl-L-glutamic 
acid (hereinafter called salts of 5-methyltetrahydrofolic acid), to the use thereof, and 
to a method of producing them. • 

Tetrahydrofolates are predominantly used as 5-formyltetrahydrofolic acid and the 
salts thereof (leucovorin) or as 5-methyltetrahydrofolic acid and the salts thereof, for 
the treatment of megaloblastic folic acid anaemia, as an antidote for increasing the 
compatibility of folic acid antagonists, particularly of aminopterin and methotrexate in 
cancer therapy ("antifolate rescue"), for increasing the therapeutic effect of fluorinated 
pyrimidines and for the treatment of autoimmune diseases such as psoriasis and 
rheumatoid arthritis, for increasing the compatibility of certain antiparasitic for- 
15 mulations, for instance trimethoprim-sulfamethoxazole, and for reducing the toxicity of 
dideazatetrahydrofolates in chemotherapy. 5-methyltetrahydrofolic acid is used in 
particular as a drug and as a food additive, as a vitamin preparation, for the preven- 
tion of neural tube defects, for the treatment of depressive illnesses, and for in- 
fluencing the homocysteine level. 
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5-methyltetrahydrofolic acid and salts thereof are extremely unstable, and in particular 
are highly susceptible to oxidation [see also A.L Fitzhugh, Pteridines 4 (4), 187-191 
(1993) in this respect] and are therefore difficult to produce at a level of purity which is 
acceptable for a pharmaceutical active ingredient or a food additive. 



Various methods, such as excluding oxygen as completely as possible or the addition 
of antioxidants such as ascorbic acid or reduced L-glutathione, have been employed 
in order to overcome the instability of 5-methyltetrahydrofolic acid. However, it is 
scarcely possible completely to exclude oxygen during use, and even then this is only 
30 possible at very considerable cost, and the addition of antioxidants is likewise not al- 
ways possible. Accordingly, it has not been possible hitherto to identify a commer- 
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daily feasible method which is suitable for the production of salts of 5-methyltetra- 
hydrofolic acid which are satisfactorily stable and which are of high purity. 

Surprisingly, it has now been found that salts of 5-methyltetrahydrofolic acid which 
5 exhibit high chemical purity and excellent stability can be obtained by crystallising the 
corresponding salt from a polar medium after subjecting the solution to thermal 
treatment at a temperature above 60°C. The highly crystalline salts of 5-methyl- 
tetrahydrofolic acid which are thus obtained are stable at room temperature, 
^ practically without ^limitations? They are suitable as a constituent or as a starting mate- 
10 rial for the production of drug forms or food additives. 

Accordingly, the present invention relates to crystalline salts of 5-methyltetrahydrofolic 
acid. Alkaline earth salts, particularly the calcium salt, are preferably used as the salts 
of 5-methyltetrahydrofolic acid for crystallisation. These crystalline salts of 

15 5-methyltetrahydrofolic acid exhibit a purity, which has never been achieved hitherto, 
of > 98%, together with a stability, with respect to the initial value thereof and which 
has never been achieved hitherto, of > 98% after storage for 6 months in air at 25°C 
and 60% relative atmospheric humidity. The crystalline calcium salts of 5-methyI-(6S)- 
tetrahydrofolic acid exist in four different crystalline modifications (Type I, Type II, 

20 Type III and Type IV) and exhibit sharp bands when subjected to X-ray powder 
^diffraction measurements (see F i gure? 1 to Fi gure -1, ' and ^Tabte 1 to Table 4 in this 
respect). Selected 2 theta values for the different crystalline modifications are 6.5, 
13.3, 16.8 and 20.1 (Type I); 5.3, 6.9, 18.7 and 21.1 (Type II); 6.8, 10.2, 15.4 and 
22.5 (Type III); and 6.6, 15.9, 20.2 and 22.5 (Type IV). Crystalline calcium salts of 

25 5-methyltetrahydrofolic acid have a content of water of crystallisation of at least 
1 equivalent of water per 1 equivalent of 5-methyltetrahydrofolic acid. Thus the Type I 
modification typically contains > 3 equivalents of water, the Type II modification 
typically contains < 2 equivalents water and the Type III and Type IV modifications 
typically contain < 5 equivalents of water. 

^-^rts of 5-methyl-(6R)-tetrahydrofolic acid and salts of 5-methyl-(6R,S)-tetrahydrofolic 
acid can likewise be obtained in highly crystalline form. 
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The present invention further relates to a method of producing highly crystalline salts 
of 5-methyltetrahydrofolic acid, which is characterised in that the corresponding salt 
of 5-methyltetrahydrofolic acid is crystallised. In this method, crystallisation of salts of 
5-methyltetrahydrofolic acid is effected from a polar medium after thermal treatment 
at a temperature above 60°C, particularly above 85°C. 

Substances which are particularly suitable as the polar medium include water or a 
mixture of water and an organic solvent which is miscible with water, such as water- 
soluble alcohols, e.g. methanol, ethanol, n-propanol, iso-propanol or ethylene glycol, 
a low molecular weight aliphatic water-soluble carboxylic acid e.g. formic acid, acetic 
acid or lactic acid, or water-soluble amides e.g. formamide, dimethylformamide, di- 
methylacetamide, 1-methylpyrrolidone, 2-methylpyrrolidone or 2-piperidinone. There 
are ho particular restrictions with regard to the type of solvent used and with regard to 
the mixture ratio, since crystalline salts of 5-methyltetrahydrofolic acid generally 
exhibit solubilities which are lower than those of the corresponding amorphous forms. 

Crystallisation is preferably effected from solutions. It is also possible to effect crystal- 
lisation from a suspension, however. 

Aside from calcium salts, still further salts of 5-methyl-(6R,S) or (6R) or (6S) hydrofolic 
acids include but are not limited to other alkaline earth salts, for example, magnesium can 
be obtained in highly crystalline forms. 

The different crystalline modifications can be converted into one another by further 
thermal treatments at temperatures above 60°C. Thus Type I, which is produced by 
crystallisation from a polar medium after thermal treatment at a temperature above 60 °C, 
can be converted into Type II by drying sufficiently, e.g. under vacuum at 70 °C, can be 
converted into Type III by sufficient thermal treatment at a temperature above 90 °C, and 
can be converted into Type IV by sufficient thermal treatment at a temperature above 
95 °C. Type II can be converted into Type 1 again by adding water to the crystals, e.g. by 
treatment with water in a humidity cabinet at 90 °C. 

Crystallisation of the salts of 5-methyltetrahydrofolic acid occurs spontaneously or is 
effected by seeding with the corresponding crystalline salt of 5-methyltetrahydrofolic acid. 
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A suitable, preferred starting material for crystallisation is pure, amorphous or crystal- 
line 5-methyl(6S)- or -(6R)-tetrahydrofolic acid. Racemic 5-methyl-(6R,S)tetra- 
hydrofolic acid can also be used, however, as can enriched 5-methyl-(6S)-, -(6R)- or 
-(6R,S)-tetrahydrofolic acid. 

5 

By using amorphous or partly crystalline, optically pure 5-methyltetrahydrofolic acid or 
salts thereof as the starting material for crystallisation, essentially crystalline salts of 
5-methyltetrahydrofolic acid of a purity which has never been achieved hitherto, 
together with a stability which has never been achieved hitherto, are obtained by the 
10 method described here. 

The present invention also relates to the use of highly crystalline salts of 
5-methyltetrahydrofolic acid as a constituent for the production of drugs or food ad- 
ditive substances or for the production of other tetrahydrofolic acid derivatives, since, 

is on account of their excellent stability in solid form, crystalline salts of 
5-methyltetrahydrofolic acid are of a very good quality which remains constant with 
time, practically without limits. The present invention also relates to preparations 
containing highly crystalline salts of 5-methyltetrahydrofolic acid. These preparations 
are produced by known methods. They are employed analogously to the use of 

20 known substances from the field of tetrahydrofolates, such as 5-formyltetrahydrofolic 
acid (leucovorin) for example. 

Without further elaboration, it is believed that one skilled in the art can, using the pre- 
ceding description, utilize the present invention to its fullest extent. The following 
25 preferred specific embodiments are, therefore, to be construed as merely illustrative, 
and not limitative of the remainder of the disclosure in any way whatsoever. 

In the foregoing and in the following examples, all temperatures are set forth un- 
corrected in degrees Celsius and unless otherwise indicated, all parts and per- 
30 centages are by weight. 
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Examples which illustrate the invention 

The content of 5-methyltetrahydrofolic acid salt which is quoted in the examples was 
determined by HPLC in each case and is given as % area. The water content was 
determined by a Kari Fischer method. 

Example 1 [stabilities] 

In order to determine the stabilities of the crystalline salts of 5-methyltetrahydrofolic 
acid, the substances were stored, together with comparison specimens, in air at 25°C 
and at 60% relative humidity. The content of 5-methyltetrahydrofolic acid salt remain- 
ing was measured at periodic intervals and is given by comparison with the initial 
value. 
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The crystalline salts of 5-methyltetrahydrofolic acid were still very light in colour even 
after an extended period of storage. In contrast thereto, the amorphous samples ex- 
hibited considerable discoloration, which occurred very rapidly. 
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Example 2 [X-ray powder plots] 

X-ray powder plots (diffraction spectra) of these substances were recorded in order to 
characterise the structural properties (crystalline modifications) of the crystalline salts 
of 5-methyltetrahydrofolic acid. 

The crystalline salts of 5-methyltetrahydrofolic acid exhibited spectra of good reso- 
lution, with sharp bands and low background effects. The spectra indicated highly 
crystalline constituents. 

Examples of spectra are illustrated in Figure 1 (Type I), Figure 2 (Type II), 
Figure 3 (Type III) and Figure 4 (Type IV), and are presented in Table 1 (Type I), 
Table 2 (Type II), Table 3 (Type III) and Table 4 (Type IV). For comparison, a 
spectrum of an amorphous sample was also recorded under analogous conditions 
and is presented as Figure 5 (amorphous). 

Selected 2 theta values for the different crystalline modifications of the crystalline cal- 
cium salt of 5-methyl-(6S)-tetrahydrofolic acid are listed below: 



Example 3 [solubilities] 

The solubility of the crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid is 
given in the following Table: 



Type 



Selected 2 theta values 



Type I 
Type II 
Type III 
Type IV 



6.5, 13.3, 16.8 and 20.1 
5.3, 6.9, 18.7 and 21.1 
6.8, 10.2, 15.4 and 22.5 

6.6, 15.9, 20.2 and 22.5 
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Type 

Type I 

Type 

Type 



Solubility at 20°C in 



0.9% NaCI 



1 .6% 
5.8% 
1 .5% 



water 



1.1% 
3.8% 
1 .0% 



Example 4 [amorphous calcium salt of 5-methyl-(6S)-tetrahydrofolic acid] 

5 7.5 g 5-methyl-(6S)-tetrahydrofolic acid were introduced into 75 ml water at room 
temperature whilst passing N 2 into the batch, and the batch was adjusted to pH 12 
with aqueous 30% sodium hydroxide solution. The clear solution which was thus ob- 
tained was adjusted to pH 7.5 with 37% hydrochloric acid and was treated with a 
solution of 7.15 g calcium chloride 6H 2 0 in 1 1.7 ml water. The white suspension which 

10 was formed was stirred for 5 hours and was then filtered under suction at room 
temperature. The solid was washed with water and was dried under vacuum at 45°C. 

5.8 g of a white, amorphous calcium salt of 5-methyl-(6S)-tetrahydrofolic acid were 
obtained, which had a content of 98.0% and a 6S fraction corresponding to 99.6%. 

15 

Even after treating this substance at 60°C in a humidity cabinet, no crystalline frac- 
tions could be determined either under a polarising microscope or by X-ray diffraction 
measurements. 

20 

Example 5 [crystalline calcium salt of 5-methyl-(6 R,S)-tetrahydrofolic acid] 

70 g 5-methyl-(6R, S)-tetrahydrofolic acid were placed in a vessel in 780 ml water and 
the batch was adjusted to pH 7.5 with 45.2 g of 30% NaOH. The clear, slightly 
25 reddish solution was treated with a solution of 62.7 g calcium chloride 6H 2 0 in 140 ml 
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water, and the solid was filtered off and washed with a little water. The crude product 
which was thus obtained was suspended in water and treated at 90°C for 24 hours. 

74.0 g of a white, crystalline calcium salt of 5-methyl-(6R,S)-tetrahydrofolic acid was 
obtained, with a content of 99.1%. 

Example 6 [crystalline calcium salt of 5-methyl-(6R)-tetrahydrofolic acid] 

16.5 g 5-methyl-(6R)-tetrahydrofolic acid were placed in a vessel in 100 ml water at 
92°C with 50 g calcium chloride 6H 2 0. The clear, slightly yellowish suspension was 
stirred for 10 minutes at 91 °C, and the solid was filtered off, washed with a little water 
and dried at 35°C under vacuum. 

1 5.4 g of a light beige crystalline calcium salt of 5-methyl-(6R)-tetrahydrofolic acid 
were obtained, with a content of 97.9% and a water content of 7.8%. 

Example 7 [Type I] 

130 kg water were placed in a vessel and 12.8 kg 5-methyl-(6S)-tetrahydrofolic acid 
were introduced. The pH was adjusted to 11.6 with about 9.1 kg of 30% NaOH, and 
was then adjusted to 7.6 with about 1 .9 kg of 37% hydrochloric acid. A suspension 
containing 0.3 kg carbon and 0.3 kg Cellflock was added to the clear solution. The 
solid was filtered off and washed with 13 litres of water. The filtrate was treated with a 
solution containing 8.3 kg calcium chloride 2H 2 0, heated to 90°C and stirred for 
30 minutes. The product was filtered hot and was washed with 2 x 20 kg water. The 
moist crude product which was thus obtained was slurried in 115 litres of water, 
heated to 90°C, immediately filtered hot, washed with 2 x 20 kg water, and dried at 
40°C under vacuum. 




11.6 kg of a white, crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid 
(Type I) were obtained, which had a purity of 99.0% and a water content of 14.5%. 



Example 8 [Type I] 

1600 ml water were placed in a vessel and 194 g 5-methyl-(6S)-tetrahydrofolic acid 
were introduced. The pH was adjusted to 7.0 with about 80 ml of 30% NaOH. A 
suspension containing 20 g carbon and 20 g Cellflock in 190 ml water was added to 
the clear solution. The solid was filtered off and washed with water. The filtrate was 
treated with 950 ml of a 5.5 M calcium chloride solution, heated to 90°C and stirred 
for 60 minutes. The product was filtered hot, washed with water, and dried at 45°C 
under vacuum. 

156.2g of a white, crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid 
(Type I) were obtained, with a purity of 99.7% and a 6S fraction of 99.9%. 

Example 9 [Type 1 and conversion into Type II] 

554 g water were placed in a vessel and 53.1 g 5-methyl-(6S)-tetrahydrofolic acid 
were introduced. The pH was adjusted to 7.5 with 30% NaOH. 1.3 g carbon, 1.3 g 
Cellflock and 19.5 g water were added to the clear solution. The suspension was 
filtered and the solid was washed with 55 ml water. The filtrate was treated with a 
solution of 52.0 g calcium chloride 6H 2 0 in 84.6 g water, and was heated to 90°C and 
seeded with 100 mg of the crystalline calcium salt of 5-methyltetrahydrofolic acid. 
After crystallisation had occurred, the product was filtered hot at 90°C and was 
washed with 2 x 103 g water. The moist crude product which was thus obtained was 
slurried in 480 ml water, heated to 90°C, immediately filtered hot, washed as above, 
and dried at 45°C under vacuum. 
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47.5 g of a white, crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid (Type I) 
were obtained, with a purity of 98.8% and a water content of 12.2%. 

This Type I modification could be converted into the Type II modification with a water 
5 content of 5.0% by drying it at 70°C under vacuum for 30 minutes. 

Example 10 [Type III] 

io 15.8 g of the calcium salt of 5-methyl-(6S)-tetrahydrofolic acid were heated to 95°C in 
140 ml water whilst passing N 2 through the batch. After 30 minutes at 95°C the white 
suspension was filtered hot under suction, and the solid was washed with water and 
dried at 35°C under vacuum. 

is 14.0 g of a white, crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid 
(Type III) was obtained, with a content of 98.9% and a 6S fraction of 99.9%. 

Example 1 1 [Type IV] 

20 

20.0 g of the calcium salt of 5-methyl-(6S)-tetrahydrofolic acid were heated to 100°C 
in 180 ml water whilst passing N 2 through the batch. After 30 minutes at 100°C the 
white suspension was filtered hot under suction, and the solid was washed with water 
and dried at 25°C under vacuum. 

25 

16.9 g of a white, crystalline calcium salt of 5-methyl-(6S)-tetrahydrofoIic acid 
(Type IV) were obtained, with a content of 98.3% and a water content of 9.9%. 

By drying it at 65°C under vacuum, the water content of this product could be reduced 
30 to 5.5% without a different crystalline modification being obtained in the course of this 
procedure. 
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Examples of Uses of the Crystalline Material 

(a) As constituent for the production of drugs: 

Beside the well known uses of 5-formyltetrahydrofolic acid previously described, 
reference is invited to U.S. Serial Number 09/095,572 for pharmaceutical preparations 
including pharmaceutically acceptable excipients, as well as dosage ranges of 5- 
methyltetrahydrofolic acid. 

(b) As food additive: 

The range of possible applications as food additive is very wide (from single 
preparations to multivitamin preparations and grain to breakfast foods). Please refer to e.g. 
WO 97/27764, SAMSF/Bailey et al., for examples (e.g. examples 1, 2, 6, 8 and 9 all contain 
formulas with 5-methyltetrahydrofolic acid). 

(c) For the production of other tetrahydro folic acid derivatives: 

Under "other tetrahydrofolic acid derivatives", other salts of 5-methyltetrahydrofolic 
acid and the free acid itself are especially included. 

The preceding examples can be repeated with similar success by substituting the 
generically or specifically described reactants and/or operating conditions of this invention 
for those used in the preceding examples. Also, the preceding specific embodiments are to be 
construed as merely illustrative, and not limitative of the remainder of the disclosure in any 
way whatsoever. 

The entire disclosure of all applications, patents and publications, cited above and 
below, and of corresponding Swiss application 695/99, are hereby incorporated by reference. 

From the foregoing description, one skilled in the art can easily ascertain the essential 
characteristics of this invention, and without departing from the spirit and scope thereof, can 
make various changes and modifications of the invention to adapt it to various usages and 
conditions. 




